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LUX detector is searching for dark matter

1 meV 1 eV 1 keV 1 MeV

Light dark matter
+ light mediators WIMPs

Axions

SIMPs

Absorption Scattering

Axion-like particles

Illustration by Sandbox Studio, 
Chicago with Ana Kova

1 GeV 1 TeV

~meV energy 
detection

~eV energy 
detection

~keV energy 
detection



2018-04-14 Lucie Tvrznikova 3

24 institutions, ~100 people

LUX collaboration meeting, June 2015
Sanford Underground Research Facility, Lead, SD

LUX = 
Large 
Underground 
Xenon 
Experiment

LUX collaboration
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LUX detector operated 4850’ (1478m) underground
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Water tank
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Top PMT array

Bottom PMT array

Inner & outer 
titanium cryostats

Feedthroughs

Cooper radiation 
shield

Xenon 
recirculation 
and heat 
exchanger

Gate, anode & top 
shield grids

Cathode and 
bottom shield grids

PTFE walls

Liquid xenon target
(active mass=250kg, 
search mass=100kg)
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Photomultiplier 
tube (PMT) array

Photomultiplier 
tube (PMT) array

Two phase TPC maps detector volume

Anode grid

Gate grid

Cathode grid

Xenon gas

Liquid gas

TPC = Time Projection Chamber
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Using xenon
§ Spin-dependent & independent WIMP 

detection capabilities
§ High atomic mass (A=131 g/mol)
§ No intrinsic DM search backgrounds
§ Scalable to multi-ton size

with full 3D position reconstruction
§ xy reconstructed from S2 light pattern
§ z given by time difference between S1 

and S2

and S2/S1 discrimination
§ Ability to reject backgrounds

TPC = Time Projection Chamber

Photomultiplier 
tube (PMT) array

Photomultiplier 
tube (PMT) array

LUX is a two phase TPC
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Electron recoil (ER)
§ γ, Β

Nuclear recoil (NR)
§ Neutrons, WIMPs

Discriminate electron & nuclear
recoils using S2/S1 ratio
S1 – light signal (178 nm photons)
S2 – charge signal (electrons)

S1

S1

S2

S2

2018-04-14

Distinguish between 2 types of particle recoil

Recoil energy (keV)
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1 meV 1 eV 1 keV 1 MeV

Light dark matter
+ light mediators WIMPs

Axions

SIMPs

Axion-like particles

1 GeV 1 TeV

PRL 118, 021303 (2017)

Spin-independent &
spin-dependent limits

Axion limit
Coupling between galactic 

ALPs and electrons

PRL 118, 261301 (2017)
PRL 118, 261301 (2017)

& PRL 118, 251302 (2017)

LUX data improved experimental boundaries

http://link.aps.org/doi/10.1103/PhysRevLett.118.021303
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261301
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.251302
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LUX is more sensitive to lower energies of electron recoils

PRL 11, 161301 (2016)

Efficiency of nuclear recoil events in LUX in WS2013 reanalysis
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Efficiency of electron recoil events in LUX

PRD 93, 072009 (2016)

50% energy threshold:
nuclear recoils = 3.3 keV
electron recoils = 1.2 keV

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.116.161301
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072009


Elastic scattering
§ Nuclear recoil signal
§ Assumed in the standard WIMP search
§ LUX searches for mDM ≳ 5GeV
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LUX can detect sub-GeV DM via bremsstrahlung

Proposed by C. Kouvaris
& J. Pradler in 

PRL 118, 031803 (2017)

Xe Xe

""

⇒

Xe

Bremsstrahlung
§ Nuclear interaction, but electron recoil signal
§ Emission of a photon from a polarized xenon atom
§ Gain access to low energy NR interactions by looking for 

this ER signature since ER signal is much easier to detect at 
low energies!

⇒ LUX can gain sensitivity to mDM ~ MeV
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Bremsstrahlung %

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031803
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Bremsstrahlung allows detection of NR previously below threshold

Elastic 
(nuclear recoil signal)

Bremsstrahlung 
(electron recoil signal)

Scattering rates for 0.5 GeV DM

Heavy mediator (≫MeV)
σ = 10-35 cm2

Detector efficiency 
from tritium 
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Example of a signal expected in LUX from m! = 0.5 GeV

Elastic (nuclear 
recoil signal)

Bremsstrahlung 
(electron recoil 
signal)

Expected bremsstrahlung 
signal in LUXScattering rates

σ = 10-35 cm2

Heavy mediator ≫(MeV)

Preliminary
LUX

S1c [phd]

Lo
g 1

0(
S2

c)
 [

ph
d]

N
um

be
r 

of
 e

ve
nt

s

Simulate events for these scattering 
rates using NEST (Noble Element 
Simulation Technique package)
JINST 8:C10003 (2013)

# of photons detected

Detector 
efficiency from 
tritium 

http://iopscience.iop.org/article/10.1088/1748-0221/8/10/C10003/pdf
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Black points: r ≤ 18 cm
Grey points:18 < r < 20 cm 
(edges of the fiducial 
volume boundary)

Nuclear recoil band
for m!=50 GeV

Electron recoil 
band

Energy contours

Dashed lines are 
10 & 90 percentiles

Final WS2013 data after cuts (95 live days)

Expected signal region for 
0.5 GeV DM from bremsstrahlung
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LUX limit calculated using profile likelihood ratio
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Limit is for 95 live-days of data 
(with 13,775 kg⋅day exposure).
Limit from the complete LUX 
exposure is forthcoming.

This work



§ Bremsstrahlung signal allows LUX to search for sub-GeV DM
§ LUX sensitivity extends down to DM with masses of 0.3 GeV, providing the most 

stringent limit for LXe detectors for light DM
§ Learn more about LUX & LZ at the April APS:

§ Session J09, Sunday 1:30pm
§ Signal yields in liquid xenon with LUX (V Velan)
§ Charge and light yields of liquid xenon using 14C and tritium beta decay sources in LUX (J Balajthy)
§ Xenon circulation and liquid-level stability in LZ (D Temples)
§ Development of the LZ high voltage grids (R Linehan)
§ Status of LZ cathode high voltage research and design project (J Watson)
§ Recent results from the LZ System Test platform at SLAC (K Stifter)

§ Session J10, Sunday & Monday 1:30pm
§ Measurement of the Davis Cavern gamma-ray background at the Sanford Underground Research Facility (S Shaw)
§ Simulations of external backgrounds at SURF for the LUX and LZ experiments (D Woodward)
§ The active veto system for LUX and underground muon signals (D Tiedt)
§ The LZ liquid scintillator screener detector (S Haselschwardt)
§ Radiogenic backgrounds in the LUX xenon and detector components (K Mallory)
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Conclusion



2018-04-14 Lucie Tvrznikova 16

2008: LUX funded
(DOE + NSF)

2006: LUX 
collaboration 

formed

July 2012: LUX 
moves UG

April 2013: 
First science 
run starts

Nov 2013: First WS results 
reported (85.3 live-days) Dec 2015: Re-analysis of 

WS2013 published

Sept 2014: 
332-day run start

May 2016: 
WS2014-16 

finished

July 2016: 332-day WS 
result announced

Sept 2016: 
decommissioning 

start

WIMP masses, from 2.4 to 5.3. A variation of one standard
deviation in detection efficiency shifts the limit by an
average of only 5%. The systematic uncertainty in the
position of the NR band was estimated by averaging the
difference between the centroids of simulated and observed
AmBe data in logðS2b=S1Þ. This yielded an uncertainty of
0.044 in the centroid, which propagates to a maximum
uncertainty of 25% in the high mass limit.
The 90% upper C.L. cross sections for spin-independent

WIMP models are thus shown in Fig. 5 with a minimum
cross section of 7.6 × 10−46 cm2 for a WIMP mass of
33 GeV=c2. This represents a significant improvement over
the sensitivities of earlier searches [46,47,50,51]. The low
energy threshold of LUX permits direct testing of low
mass WIMP hypotheses where there are potential
hints of signal [46,51,54,55]. These results do not
support such hypotheses based on spin-independent iso-
spin-invariant WIMP-nucleon couplings and conventional
astrophysical assumptions for the WIMP halo, even
when using a conservative interpretation of the existing
low-energy nuclear recoil calibration data for xenon
detectors.

LUX will continue operations at SURF during 2014
and 2015. Further engineering and calibration studies will
establish the optimal parameters for detector operations,
with potential improvements in applied electric fields,
increased calibration statistics, decaying backgrounds
and an instrumented water tank veto further enhancing
the sensitivity of the experiment. Subsequently, we will
complete the ultimate goal of conducting a blinded 300
live-day WIMP search further improving sensitivity to
explore significant new regions of WIMP parameter
space.

This work was partially supported by the U.S.
Department of Energy (DOE) under Awards No. DE-
FG02-08ER41549, No. DE-FG02-91ER40688, No. DE-
FG02-95ER40917, No. DE-FG02-91ER40674,
No. DE-NA0000979, No. DE-FG02-11ER41738, No. DE-
SC0006605, No. DE-AC02-05CH11231, No. DE-AC52-
07NA27344, and No. DE-FG01-91ER40618; the U.S.
National Science Foundation under Awards No.
PHYS-0750671, No. PHY-0801536, No. PHY-1004661,
No. PHY-1102470, No. PHY-1003660, No. PHY-1312561,
No. PHY-1347449; the Research Corporation Grant
No. RA0350; the Center for Ultra-low Background
Experiments in the Dakotas (CUBED); and the South
Dakota School of Mines and Technology (SDSMT).
LIP-Coimbra acknowledges funding from Fundação para
a Ciência e Tecnologia (FCT) through the Project-Grant
No. CERN/FP/123610/2011. Imperial College and Brown
University thank the UK Royal Society for travel funds
under the International Exchange Scheme (IE120804). The
UK groups acknowledge institutional support from
Imperial College London, University College London,
and Edinburgh University, and from the Science &
Technology Facilities Council for Ph. D. studentship
No. ST/K502042/1 (AB). The University of Edinburgh
is a charitable body, registered in Scotland, with registration
No. SC005336. This research was conducted using com-
putational resources and services at the Center for
Computation and Visualization, Brown University. We
acknowledge the work of the following engineers who
played important roles during the design, construction,
commissioning, and operation phases of LUX: S. Dardin
from Berkeley, B. Holbrook, R. Gerhard, and J. Thomson
from University of California, Davis; and G. Mok, J. Bauer,
and D. Carr from Lawrence Livermore National
Laboratory. We gratefully acknowledge the logistical and
technical support and the access to laboratory infrastructure
provided to us by the Sanford Underground Research
Facility (SURF) and its personnel at Lead, South
Dakota. SURF was developed by the South Dakota
Science and Technology authority, with an important
philanthropic donation from T. Denny Sanford, and is
operated by Lawrence Berkeley National Laboratory for
the Department of Energy, Office of High Energy
Physics.
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FIG. 5 (color online). The LUX 90% confidence limit on the
spin-independent elastic WIMP-nucleon cross section (blue),
together with the #1σ variation from repeated trials, where trials
fluctuating below the expected number of events for zero BG are
forced to 2.3 (blue shaded). We also show Edelweiss II [45] (dark
yellow line), CDMS II [46] (green line), ZEPLIN-III [47]
(magenta line), CDMSlite [48] (dark green line), XENON10
S2-only [20] (brown line), SIMPLE [49] (light blue line), and
XENON100 225 live-day [50] (red line) results. The inset (same
axis units) also shows the regions measured from annual
modulation in CoGeNT [51] (light red, shaded), along with
exclusion limits from low threshold re-analysis of CDMS II data
[52] (upper green line), 95% allowed region from CDMS II
silicon detectors [53] (green shaded) and centroid (green x), 90%
allowed region from CRESST II [54] (yellow shaded) and
DAMA/LIBRA allowed region [55] interpreted by [56] (grey
shaded). (results sourced from DMTools [57]).

PRL 112, 091303 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending

7 MARCH 2014

091303-6

June 2017: LUX 
installed in a 

museum

PRL, 112, 091303 (2014) PRL, 116, 161301 (2016)
PRL, 116, 161302 (2016)

PRL, 118, 021303 (2017)

Analysis still 
ongoing

LUX collected data from 2013-2016
August 2013:
Joined LUX



Photon emission rates in 
xenon were first calculated 
by C. Kouvaris & J. Pradler
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Expected scattering rates in xenon for σ = 10-35 cm2
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PRL 118, 031803 (2017)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031803
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S1c S2c

Expected signal for m = 0.5 GeV DM from LibNEST

2018-04-14

Preliminary
LUX

Preliminary
LUX

Preliminary
LUX

Preliminary
LUX
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m = 0.1 GeV

m = 0.5 GeV

Expected signal spectra simulated by NEST at σ=10-35cm2

m = 1 GeV
m = 5 GeV

2018-04-14

Preliminary
LUX

Preliminary
LUX

Preliminary
LUX

Preliminary
LUX



2018-04-14 Lucie Tvrznikova 20

Only a fraction of events have both S1 & S2 signals

MassDM [GeV]

Preliminary
LUX



CH3T
§ Tritium β spectrum 

coincides with WIMP 
interaction energy

§ T1/2 = 12.3 yr
§ Removed by getter

§ Injected quarterly
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C
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H
H

T

PRD 93, 072009
(2016)

Tritium and DD calibrate detector response

arXiv:1608.05381

PRD 95, 012008
(2017) 

Electron recoil (ER)

Nuclear recoil (NR)

Deuterium-Deuterium 
neutron generator
§ E = 2.45 MeV
§ Located outside of the 

water tank
§ Injected quarterly at 

different z
§ Double scatters used 

for Qy analysis
§ Single scatters used for 

Ly analysis and NR band

http://link.aps.org/doi/10.1103/PhysRevD.93.072009
https://arxiv.org/abs/1608.05381
http://link.aps.org/doi/10.1103/PhysRevD.93.072009


§ Krypton-83m is injected regularly into the 
detector to characterize detector response 
and monitor stability 

§ Mixes homogenously with LXe
§ Used for :

§ Overall stability monitoring
§ Position reconstruction
§ Electron lifetime
§ S1 & S2 position corrections
§ Electric field modeling

§ Decays by emitting 2 internal conversion 
electrons
§ 32.2 keV followed by 9.4 keV (T1/2 = 154 ns)
§ Monoenergetic for our standard analysis

§ T1/2 = 1.83 h

2018-04-14 Lucie Tvrznikova 22

83mKr; drift time 4 - 8 μs

PRD 11.112009 
(2017) 

83mKr monitors detector performance

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.96.112009
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§ C. McCabe published a paper inferring LUX sensitivity to the sub-GeV signal and 
calculated limits for LUX & LZ
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Earth heating = constraint from 
Earth heating by DM annihilation 

Limits from C. McCabe PRD 96, 043010 (2017)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.043010

